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Assessment of Acid-Base Disorders
A Practical Approach and Review

E. L. ATKINS, M.D., M.S¢., F.R.C.P.[C], Calgary, Alta.

THERE are probably few aspects of medicine
that give the average physician as much
difficulty as problems associated with disturb-
ances of acid-base balance. In an effort to sim-
plify the analysis of acid-base disorders a num-
ber of nomograms have been published but their
very number testifies to their apparent lack of
success. Adding to the difficulties is the appar-
ent disagreement among even the experts as to
the best method for assessing acid-base dis-
orders. Astrup et al.! have introduced the con-
cept of “standard bicarbonate” and “base excess”
as parameters for the measurement of metabolic
disturbances of acid-base equilibrium; however,
even this simplified approach has been shown
to be open to erroneous interpretations.

It seems evident, therefore, that an analysis
~ of acid-base disorders must be based on an
understanding of the mechanisms involved in
what has been called the “physiological ap-
proach™ rather than on the uncritical use of
some nomogram or formula. Although the fol-
lowing approach to acid-base analysis is neither
new nor original, it is hoped that by virtue of its
simplicity physicians will be encouraged to be-
come familiar with a group of disorders that
are frequently neglected. At the same time,
recent developments in the research field will be
summarized to provide a clearer understanding
of the physiological mechanisms involved. It is
the object of this review to relate these develop-
ments to clinical practice.

THE PuysioLocy oF AciD-BASE BALANCE

Explanations of the physiological mechanisms
of acid-base balance have classically depended
upon the derivation of the Henderson-Hassel-
balch equation:®

[HCOs™]
[CO.]

However, the fact that the equation uses rather
complicated computations detracts from its use-

pH = pK + log
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fulness and tends to obscure relationships be-
tween the various parameters. The original ver-
sion of this equation was proposed by Hender-
son* and was much simpler:

[H2COs]

H+] = K — %
[HCO37]

When equivalent experimentally measurable

terms are substituted this formula becomes:

PCOg

[H* =24 — = _
[HCO57]

nanoEq./L.

This equation is obviously easier to use than
the classical Henderson-Hasselbalch formula, as
it does not contain logarithms. Disregarding its
derivation, the equation clearly demonstrates
that the acidity of the blood or its hydrogen ion
concentration ([H+*]) is directly related to the
partial pressure of carbon dioxide in the plasma
(Pcoz) and inversely related to the plasma bi-
carbonate concentration ( [HCO;-]).

The object of any buffer system such as this
is to minimize changes in the [H+] or the
acidity of the blood. Body neutrality may be
attacked by a variety of endogenous and exo-
genous acids but the [H+*] is defended by
changes in the Pco, and in HCO;- concentra-
tion. The Pco, is controlled for the most part
by pulmonary ventilation, and the plasma bicar-
bonate level is regulated largely by the kidneys.
Thus, when a sudden acid load raises [H+]
and depletes body stores of bicarbonate, the first
result is hyperventilation and a reduction in
Pco, (the numerator of the equation) in an
attempt to bring [H+] down. The regeneration
of bicarbonate by the kidneys also aids in bring-
ing down the [H*] by raising the denominator
of the equation, although this process is slug-
gish. Similarly, when the Pco, rises as a conse-
quence of lung disease, the effect of this on the
[H+] is partly offset by a rise in bicarbonate
concentration. It should be noted that although
the bicarbonate buffer system is the most impor-
tant, it is not the only buffer mechanism in the
body, as other buffers are found both inside and
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outside the cells. Nevertheless the Henderson
equation provides a useful tool for understand-
ing the regulatory mechanisms of a major buffer
system and for use in simple calculations.

The term “bicarbonate concentration” has
been used, but the term that is commonly used
on the wards is “total CO,”. Although “total
CO;” has the advantage of common usage, it is
a potential source of confusion because it is a
contraction of “total CO, content”," which refers
to the sum of plasma [HCO;~] and [H,COj].
It is a term that arose in the laboratory where
bicarbonate is measured by converting it to CO,.
However, for practical purposes “total CO,” and
“bicarbonate” can be used interchangeably even
though the former contains a small additional
fraction of carbonic acid. The “carbon dioxide
combining power” is an obsolete method and is
not now generally used.

Although the term [H+] is an expression of
acidity that may be unfamiliar to most physi-
cians, it has certain advantages over the
equivalent term “pH”, which is derived from
the logarithm of the reciprocal of the [H+]

1
H =1 —
(p TS )

Huckabee® has even recommended that the use
of the term pH should be abandoned, since it is
an artificial derivation not linearly related to
[Ht]. However, for the sake of convention, the
term pH will be retained although it should be
remembered that the direction of change of
acidity is reversed; that is, with increased acid-
ity (an increase in hydrogen ion concentration),
the pH falls.

LABORATORY TECHNIQUES
(a) The Blood Sample

Obtaining the correct sample of blood is the
first and probably the most important step in
assessing an acid-base problem. If the blood
sample is to reflect the acid-base status of the
patient, arterial blood is generally used; capil-
lary blood is also suitable, especially if the blood
to the area has been “arterialized” by warming
the limb. Venous blood is satisfactory for rou-
tine analysis provided that it is not taken from
a congested or cyanotic area, i.e., a tourniquet
should not be used. Venous blood values for
total CO, content are about 2 to 3 mEq. per
litre higher than those of arterial blood and the
pH is about 0.02 to 0.04 units lower,® so that for
more meaningful results arterial blood is pref-
erable.

A committee of the New York Academy of
Sciences® has recommended the methods to be
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used in the collection, anticoagulation, storage
and separation into its constituents of the blood
before the determination of pH and total CO,
content. Arterial blood is most easily obtained
from the femoral, brachial or radial arteries. The
area to be punctured is infiltrated with local
anesthetic and the blood collected in a syringe,
the inside of which has been moistened with
heparin. Blood taken in vacuum tubes or capil-
lary tubes is also satisfactory. If the blood is to
be centrifuged for the determination of the total
CO, content of the plasma, it should be kept
under oil or in a vacuum tube. Blood can also
be centrifuged in the syringe by the use of spe-
cial holders. Regardless of the method used for
separating the plasma, the blood should not be
exposed to the air for more than a few minutes
and should be analyzed within 20 minutes.

(b) Analysis

Before acid-base disorders can be analyzed,
blood values for pH, total CO, content and
Pco, are required. The measurement of pH is
reliable, and with newer models of pH meters,
microsamples of blood can be used. By com-
parison, the determination of the total CO, con-
tent is more difficult. The original method was
developed by Van Slyke and Neill? and although
the technique is complex, it is still regarded as
the standard for other methods. A simple ap-
paratus has been devised by Natelson® in which
small samples of blood can be used to deter-
mine total CO. content (probably the most
satisfactory piece of equipment for small labora-
tories). A titration method using the Technicon
“AutoAnalyzer” has been developed for large
laboratories.? For the determination of Pcos,, a
direct technique using a glass electrode is now
commonly used.® Alternatively the Pco. can be
derived through the use of the “Astrup appa-
ratus” using an interpolation technique, but this
has the drawback of needing standard reference
gases which should be verified by gasometric
analysis in the laboratory where they are being
used.®

Each laboratory director must obviously
choose the method which he finds most suited
to his circumstances. Very satisfactory results
can be obtained with relatively simple and in-
expensive equipment. Usually only the pH and
total CO, content are measured; the Pco. is
then determined by dividing the total CO. con-
tent by factors which vary with the pH accord-
ing to the following formula:

*Radiometer-Copenhagen and Instrumentation Laboratory
Inc.
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[Total CO2] - 0.0301 Pco,
0.0301 PCOz

The Pco; can also be determined from a nomo-
gram (Fig. 1) or pocket calculator (Tri-Slide®).
If any two parameters are known, the third can
be calculated. The formula that is the basis for
these calculations is the Henderson-Hasselbalch
equation,® but since we have chosen to avoid
discussion of this equation, it is sufficient to take
the formula and nomograms at face value. A
rapid method for the estimation of Pco, from
the pH and total CO. content has been de-
vised, using a simple mental calculation that
obviates the need for tables or nomograms.!?
The first step is to convert pH to hydrogen ion
concentration( [H*]) and this is estimated, in
nanomoles per litre, from the two digits follow-
ing the decimal point of the pH value. This
number and the value for the total CO; content
are inserted in the Henderson equation (see
above), which is solved for the Pcos,.

pH = 6.10 + log

ANALYSIS OF THE AcIp-BAsE DiSORDER

When the pH, total CO, content and Pcos
have been determined, an analysis of some of
the more common acid-base disorders is pos-
sible. It is recognized that a complete assess-
ment cannot be made without information about
the patient’s clinical condition as well as the
values for hemoglobin concentration, Pcoa,
sodium, chloride and potassium levels in the
serum and the degree of oxygen saturation.
However, since the scope of this review is lim-
ited, only the analyses of the major acid-base
parameters will be considered.

Certain generalizations have already been al-
luded to, viz., that the Pco, is primarily under
control of the lungs and the bicarbonate is con-
trolled primarily by the kidneys. The normal
value for Pco, is approximately 40 mm. Hg and
the normal level of bicarbonate is approximately
25 mEq. per litre. Compensatory changes occur
in response to primary changes in either the
Pco. or the bicarbonate level, and even though
the compensation is never sufficiently complete
to bring the pH back to normal, the effect is to
minimize the change in pH. (Some of the most
rewarding research has arisen from studies of
this compensatory process.)

Discussion will be limited to the primary or
“pure” disorders: (1) metabolic acidosis, (2)
metabolic alkalosis, (3) respiratory alkalosis,
(4) respiratory acidosis and (5) one of the
common mixed disturbances. Some rules-of-
thumb will be supplied to aid the physician in

*Baxter Laboratories Inc.
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Fig. 1.—Alignment nomogram for obtaining the Pco:
from the total CO2 content and the pH of the blood.s0
(Reproduced by permission of the Journal of Biological
Chemistry.) A straight line extended from values plotted
on the total CO2 and the pH scale will intersect the
CO2 tension scale and give the unknown Pcog

obtaining a practical and rapid analysis of the
acid-base disturbance. (For a more detailed
presentation the reader is referred to the excel-
lent reviews already available.!1)

1. METABOLIC ACIDOSIS

The primary acid-base changes in this disorder
are reductions in the plasma bicarbonate con-
centration and in pH. The Pco: also decreases
as the result of compensatory hyperventilation
which tends to minimize the fall in pH. Cases
of metabolic acidosis may be divided into two
groups, those with a normal “anion gap” (10 to
12 mEq. per litre) and those with an abnormally
large “anion gap”. (The anion gap is defined
as the difference between (1) the serum sodium
concentration and (2) the sum of the plasma
bicarbonate and serum chloride concentrations.
This gap is normally made up of anions, such
as phosphate, sulfate and organic anions, and
the anionic groups of plasma proteins that are
not usually measured.)

Metabolic acidosis with a normal anion gap
occurs when there is a fall in bicarbonate con-
centration accompanied by a proportionate in-
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crease in chloride concentration. This occurs:
(1) when bicarbonate is lost from the body in
equal amounts with sodium, as in diarrhea or
with pancreatic fistula or (2) when hydrochloric
acid is effectively added, either exogenously by
ingestion of ammonium chloride or endogen-
ously through deficient hydrogen ion excretion
as in renal tubular acidosis.

An abnormally large anion gap indicates that
the metabolic acidosis is due to accumulation
of acids not normally found in significant quan-
tities in the body—ketoacids, lactic acid, sali-
cylic acid, etc. It is also found in uremia, in
which case there is excessive accumulation of
phosphate and sulfate, but this does not mean
that these anions are the cause of the acidosis.

With the onset of metabolic acidosis a certain
amount of respiratory compensation occurs in
the form of hyperventilation. Obviously if
there is lung disease there will be less capacity
to hyperventilate and the decrease in pH will
be more severe. It therefore becomes important
to know what decrease in Pcos, can be normally
expected for a given degree of pure metabolic
acidosis. This problem has been clarified by
Lennon and Lemann!? who studied subjects
who had been given large doses of ammonium
chloride and subjects with acidosis due to
chronic renal failure. It was found that the de-
crease in Pco, was roughly proportional to the
decrease in bicarbonate concentration: with a
bicarbonate level of 15 mEq. per litre (i.e. a re-
duction of 10 mEq. per litre), the Pco, should
be about 30 mm. Hg, a reduction of 10 mm.
Hg. This rule-of-thumb relationship between bi-
carbonate concentration and Pco, is only ap-
proximate; Fig. 2 shows the normal ranges more
exactly. When the Pco, is not within the ex-
pected range for a given level of bicarbonate
concentration, a superimposed respiratory acid-
base disturbance is present.

Even though details of the causes and treat-
ment of metabolic acidosis can be found in any
standard textbook of medicine, a few therapeu-
tic hints are included. The advantages of bicar-
bonate over lactate therapy have been persua-
sively presented,’® but, in any case, care must
be taken not to overload the cardiovascular
system with large quantities of sodium. If
sodium bicarbonate is to be given, it is best
diluted so as to make an isotonic solution; this
is most easily done by adding three ampoules of
50 ml. (3.75 g. or 44.6 mEq. each) of NaHCO;s
to a litre of 5% dextrose in water. Minor de-
grees of metabolic acidosis, i.e. bicarbonate
concentrations not below 18 mEq. per litre, are
probably best left untreated. The level of hyper-

] PCO: 40
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Fig. 2.—Significance band for venous Pcoz in meta-
bolic acidosis.12 Values falling within the band will, with
95% probability, indicate an uncomplicated metabolic
acidosis. (Reproduced by permission of the Amnnals of
Internal Medicine.)

ventilation is a poor guide to the results of treat-
ment since over-breathing may continue for
some time after the patient has been treated
with alkali and is no longer severely acidotic.!*

2. METABOLIC ALKALOSIS

Although metabolic alkalosis may be a sign
of adrenocortical overactivity, steroid therapy,
chronic vomiting or excessively vigorous diuretic
therapy, the alkalosis itself produces few symp-
toms. The primary importance of this disturb-
ance lies in the insight that it provides into the
physiological mechanisms of acid-base disorders.

The primary blood changes that exist in meta-
bolic alkalosis are an increased bicarbonate con-
centration and pH. Compensatory hypoventila-
tion may cause a slight rise in Pcos. The de-
velopment of the alkalosis is usually due to
excessive loss of hydrogen ions either from the
stomach or the kidney. Potassium depletion was
formerly considered an important mechanism in
the etiology of metabolic alkalosis and it was
thought to be due to the migration of hydrogen
ions from the extracellular fluid into cells in ex-
change for potassium ions, which left the extra-
cellular fluid alkaline. Although this may be one
mechanism, a more important factor in the
pathogenesis of the alkalosis seems to be chloride
depletion. Chloride and potassium depletion can
be induced in a number of ways, e.g. by desoxy-
corticosterone administration!® or by diuretic
therapy.'® Chloride deficiency alone and hypo-
chloremia can also be induced by nitrate in-
fusion!? or by gastric suction.'8 Regardless of the
method of induction of the alkalosis, one fact is

* important: chloride has to be supplied before

the alkalosis can be completely corrected re-
gardless of whether or not the potassium deple-
tion was corrected first.!5 18 12 Another impor-
tant experimental finding was the discovery of
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the relationship of potassium to chloride deple-
tion; excessive urinary loss of potassium and
potassium deficiency occur when chloride deple-
tion is caused by gastric suction even when
gastric losses of potassium, sodium and water
are replaced.’® This potassium deficit is resistant
to a normal potassium intake and can only be
corrected when chloride is also provided.

The following explanation of the role of
chloride in acid-base metabolism has been pro-
posed by Schwartz and his colleagues.® 20
Normally, sodium that is filtered at the renal
glomerulus is virtually completely reabsorbed
during its passage along the renal tubule. In
order to preserve electrical balance, however, it
cannot be reabsorbed alone but must be either
accompanied by an anion such as chloride or ex-
changed for another cation such as potassium or
hydrogen ion. Usually chloride accompanies the
sodium, but when there is a deficiency of
chloride due to chloride depletion, then exchange
for the cation potassium or hydrogen increases.
When hydrogen ion is excreted into the renal
tubule in this manner, the effective result is the
regeneration of a bicarbonate ion and when this
process becomes greatly accelerated the plasma
bicarbonate level in the blood may increase
above normal. Although metabolic alkalosis de-
velops, the loss of valuable quantities of sodium
with resultant volume-depletion is avoided. The
excessive hydrogen ion and potassium ion loss
can be halted by supplying adequate amounts of
chloride. More chloride is then filtered at the
glomerulus and made available for reabsorption
with sodium from the renal tubular lumen. This
makes the increased hydrogen and potassium
excretion unnecessary, with the result that the
renal threshold for bicarbonate falls and the
alkalosis is repaired. Therefore it is concluded
that the anion chloride plays a much more im-
portant role in acid-base and potassium metabol-
ism than was appreciated formerly. There is
some recent evidence that suggests that ex-
pansion of extracellular fluid volume may also
contribute to the correction of the alkalosis by
diminishing sodium reabsorption through the
so-called “third factor” effect.2

The above experimental findings have several
important clinical implications. If metabolic
alkalosis associated with potassium deficiency is
to be prevented or treated, it is necessary to
provide potassium in the form of potassium
chloride rather than as potassium lactate,
carbonate or bicarbonate. Since oral forms of
potassium chloride may cause gastrointestinal
ulceration, intravenous administration is prefer-
able. In cases of vomiting or prolonged diuretic
therapy, it is important to remember that potas-
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sium depletion may occur as a consequence of
chloride loss alone, even though adequate
amounts of potassium are being supplied. Com-
plete potassium repletion will not occur until
chloride is given as well. This can be pertinent
in cases of digitalis intoxication.

3. RESPIRATORY ALKALOSIS

Although this is a common condition, be-
cause it is the result of hyperventilation, it is
not of serious clinical significance even when
tetany is present. Over-breathing results in a fall
in Pcop, with a consequent rise in pH. There
may be some fall in the bicarbonate concentra-
tion, but the chief importance of this acid-base
disturbance is in the fact that it may complicate
the analysis of other acid-base disorders. Little
is known about the long-term effect of chronic
respiratory alkalosis, since it is difficult to re-
produce experimentally.

4. RESPIRATORY ACIDOSIS

Clinically this disturbance usually occurs in
association with chronic lung disease. The
primary acid-base abnormality is retention of
carbon dioxide, that is, an increase in Pco.. This
hypercapnia is accompanied by a fall in blood
pH which is partly offset by a compensatory rise
in plasma bicarbonate concentration.

During the first few hours after the onset of
carbon dioxide retention, minor compensatory
changes occur through the generation of bi-
carbonate from titration of body buffers. The
resulting increase in plasma bicarbonate con-
centration is slight, however, and insufficient to
protect the blood pH against acute increases in
carbon dioxide tension;22 only after the hyper-
capnia has been present for several days does
significant compensation occur. This secondary
or chronic response is brought about by the in-
creased reabsorption of bicarbonate by the
kidneys which results in a progressive increase
in plasma bicarbonate concentration over several
days to levels which depend upon the degree of
hypercapnia. Although the compensatory re-
sponse is not enough to bring the pH to normal,
it would obviously be very useful clinically to
know to what degree the body, by increasing
plasma bicarbonate levels, would respond to
chronic elevations of CO, tension. In other
words, what is the normal compensatory re-
sponse in cases of pure chronic respiratory aci-
dosis? This has been defined experimentally with
animals studied in a special chamber at various
increased levels of CO. tension in which five
days or more were allowed for full compensa-
tion.28
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Fig. 3.—Significance band for bicarbonate concentra-
tions in chronic hypercapnia.28 Values falling within
the band will, with 95% probability, indicate an uncom-
plicated chronic respiratory acidosis. (Reproduced by
permission of the Journal of Clinical Investigation.)

The degree of adaptation that occurs
“normally” with uncomplicated carbon dioxide
retention of various degrees is demonstrated in
Fig. 3. The result is a “whole-body” carbon
dioxide titration curve, and the limits of the
band outline the normal ranges. With this curve
the clinician has a tool for the analysis of chronic
respiratory acidosis. If a bicarbonate concentra-
tion is outside the ranges of the confidence
bands for a given level of Pco,, the chances are
that there is a superimposed metabolic acid-base
disturbance. In the absence of the curve, the
following rule-of-thumb can be used: for every
3 mm.Hg rise in Pco, the bicarbonate con-
centration can be expected to go up by 1
mEq. per litre. (For further details of this
analysis the editorial by Cohen and Schwartz2*
should be consulted.)

Although the above chronic experimental con-
ditions cannot be duplicated in humans, there is
considerable evidence that the same whole-body
CO., titration curve applies. Studies of a large
series of men with various degrees of chronic
lung disease and hypercapnia revealed a “carbon
dioxide response curve”® that was very similar
to the data shown in Fig. 3. For clinical pur-
poses, therefore, the above guidelines can be
used to distinguish a “normal” adaptive response
in chronic hypercapnia from that of respiratory
acidosis complicated by metabolic acid-base
abnormalities.

The mechanism whereby the generation of
bicarbonate is increased with hypercapnia has
also been clarified.2¢ Suffice it to say that the
cause is thought to be a combination of
tissue buffers and accelerated hydrogen ion
excretion resulting in increased bicarbonate re-
absorption. The details of the mechanism are not
known, but some loss of chloride does occur
during the adaptive period. Whether this rejec-
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tion of chloride by the kidney is a primary or
secondary effect has not been determined.

It has also been pointed out that the plasma
level of bicarbonate may remain elevated even
though the lung disease and hypercapnia which
initially caused the respiratory acidosis have im-
proved. This “post-hypercapnic alkalosis™?" indi-
cates that too little chloride was given to the
patient during the recovery phase, with the re-
sult that the renal threshold for bicarbonate re-
mained high. It can be corrected by liberalizing
the salt-free diet or by giving chloride in some
form.

5. Mixep Acm-BAase DISORDERS

Several combinations of respiratory and meta-
bolic acidosis and alkalosis can exist, but with
the help of the above-mentioned data the
presence or absence of an additional acid-base
problem can usually be determined.

Particular mention should be made of the
most common mixed acid-base disturbance—
metabolic alkalosis superimposed on respiratory
acidosis. This is often a complication of cor
pulmonale and is due to an inordinate eleva-
tion of plasma bicarbonate concentration brought
about by salt restriction and diuretics.2® Thus
the therapy for the cardiac problem may compli-
cate the respiratory acidosis. The importance of
this excessive “compensation” is that it may
aggravate the symptoms of respiratory acidosis
by raising Pco, and pH and decreasing respira-
tory drive. The superimposed metabolic alkalosis
can be treated by giving potassium chloride,
arginine hydrochloride or ammonium chloride,
the latter being the least desirable. Sodium
chloride usually is not given in order to avoid
cardiac overload, although, as explained previ-
ously, almost any other chloride compound
would be expected to have the desired effect.
The result should be a slight fall in bicarbonate
concentration and Pco, to levels expected in
pure chronic respiratory acidosis. More impor-
tant is that an associated clinical improvement
has sometimes been noted when the superim-
posed alkalosis was treated.?®

There have been many attempts to
simplify the analysis of acid-base
disturbances, but most have depended upon the un-
critical use of some new nomogram, formula or
artificially derived variable. The present approach
relies instead upon the interpretation of changes in
the three classic parameters, pH, bicarbonate and
Pco,, augmented by a thorough understanding of
the physiological mechanisms which control them.
The physiological relationships between these para-
meters are expressed most simply by the Henderson

Summary
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equation which, together with a brief discussion of
laboratory techniques, forms the background for the
analysis of acid-base disorders. Four major acid-
base disturbances are discussed, metabolic acidosis,
metabolic alkalosis, respiratory alkalosis and respira-
tory acidosis, as well as one common mixed
disturbance—metabolic alkalosis superimposed on
respiratory acidosis. Normal compensatory changes
that occur in response to the primary acid-base
alterations are emphasized, and reviewed experi-
mental work indicates the degree of compensation
that is likely to occur in a given pure or uncompli-
cated acid-base alteration. A review of the recent
pertinent experimental literature provides physio-
logical explanations which make the analysis of
acid-base disorders more understandable.

The advice and assistance of Dr. W. B. Schwartz and
members of the Renal Unit, Tufts—New Exclgand Medi-
cal Center Hospital, Boston, is gratefully acknowledged.
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NEW LOCATIONS

there.

CANADIAN MEDICAL ASSOCIATION PUBLICATIONS

Effective July 14, 1969, the publication offices of The Canadian Medical
Association Journal and The Canadian Journal of Surgery will be located at:
129 Adelaide Street West, Toronto, Ontario. (Suites 501, 502 and 505.)

The new telephone number is: (416) 366-9251.

All communications to the Editors, the Managing Editor, the Advertising
Manager and the Librarian should be addressed to the new location by con-
tributors, advertisers and all other persons having business with the publications.
The single important journalistic exception is that membership records and
subscriptions will be handled at C.M.A. House, Ottawa.

The administration of the C.M.A.-C.E.S.O. plan of medical aid to the
Commonwealth Caribbean will remain at the publications office, and all com-
munications connected with this service should be addressed to Dr. A. D. Kelly

CANADIAN MEDICAL ASSOCIATION SECRETARIAT

All other functions of the C.M.A. will be carried out from C.M.A. House,
1867 Alta Vista Drive, Ottawa 8, Ontario. (613) 731-9331.




